Fungi of Guignardia genus are commonly isolated from different plant species and most of the time, they are characterized as endophytes. However, some species of this genus, like G. citricarpa and G. psidii are known as causal agents of serious diseases that affect important crops such as Citrus Black Spot and guava fruit rot, respectively. They are also responsible for diseases that cause foliar spots in different fruit species and also in other crops, but cause minor damages. Despite evidences that G. mangiferae colonizes different plant species, there are few studies about its genetic diversity associated with different hosts. This work has the objective to characterize Guignardia isolates obtained from different hosts and tissues by RAPD, fAFLP and DNA sequence of ITS1-5.8S-ITS2 region, as well as to develop pathogenicity tests through cross inoculation in citrus and guava fruits. It was observed that molecular markers were able to discriminate isolates of different Guignardia species. Pathogenicity tests showed that G. citricarpa caused CBS symptoms on citrus fruits, but it did not produce any symptoms in guava fruits. G. mangiferae isolates were able to cause rot symptoms on guava fruits, but they have not produced any symptoms on citrus fruits. Guignardia isolates obtained from mango leaves that have not been classified in species have not presented any symptoms in citrus and guava fruits. Although G. mangiferae is commonly isolated asymptomatically in different plants, this work supports the evidence that this species has a latent pathogen behavior, at least for guava plants.
Introduction
The Guignardia Genus (Kingdom Fungi, Phylum Ascomycota, Class Dothideomycetes, Order Botryosphaeriales, Family Botryosphaeriaceae) encompasses around 330 known species, many of them with unknown anamorphic phase [1] . Many species considered plant endophytic fungi are classified in this family and genus, among them, the G. mangiferae species, the causal agents of Citrus Black Spot (CBS) G. citricarpa [2] , and G. psidii species causing fruit rot in guava. The G. psidii species is considered responsible for fruit rot disease in different plants, mainly in postharvest conditions. This fungus species is responsible for great losses in guava fruits in Brazil [3] . However, studies using molecular techniques suggested that fungi isolates identified as G. psidii could be in fact G. mangiferae, or also could be conspecific to this cosmopolitan species [4] . It is very common that organisms belonging to the same species, when obtained from dif-ferent hosts tend to be identified according to the host, resulting in taxonomy mistakes and redundancies in databases.
Despite causing foliar spots in mango (Mangifera indica), G. mangiferae was isolated in a wide range of different hosts, and it was considered endophytic because of the symptomless tissues from which it was isolated. These hosts include Brazilian tropical plants like Apidosperma polineuron, Anacardium giganteum, Myracrodreun urundeuva, Spondias mombin, Bowdichia nítida and Cassia occidentalis [5] . Citrus plants are also known as hosts of G. mangiferae [4, 6, 7] , and it is considered endophytic to this plant species because none symptom is related to this fungus in this host. Isolates obtained by these authors were identified by DNA sequence of ITS rDNA (ITS1-5.8S-ITS2). Other G. mangiferae plant hosts, like Surinam cherry (Eugenia uniflora) and Brazilian grape tree (Myrciaria cauliflora) [4] were also identified in Brazil. Other known G. mangiferae hosts are mango (Mangifera indica L.), banano (Musa sp.) [8] , eucaliptus (Eucalytus sp.) [4] , and different Ericaeae plants [9] .
The use of molecular tools to identify and to characterize fungal isolates arouses interest, mainly because of its quickness when compared to conventional techniques. RAPD (Random Amplified Fragment Lenght Polymorphisms) are the mostly used classes of markers [10] because they are a good method to identify genetic diversity among different organisms in a short period of time and low costs. The fAFLP (fluorescent Amplified Fragment Lenght Polymorphism) markers possess advantages over other techniques as a tool to identify high levels of genetic diversity and also because it allows reproducibility, fastness and reliability [11] .
Studies about phylogeny and molecular system of fungi have been done using ITS rDNA, because of the higher number of random copies of this sequence dispersed in the genome and the uniformity of them, which is generally maintained by harmonic evolution [12] . The use of this region proved to be efficient for classifying fungi of Guignardia genus in species and also to infer the genetic diversity among isolates [4] .
This work has the objective to characterize Guignardia isolates from different hosts by rDNA ITS1-5.8S-ITS2, RAPD and fAFLP molecular markers, as well as to carry out pathogenic characterization tests by crossed inoculation in citrus and guava fruits with the same isolates.
Material and Methods

Isolates Sampling
Guignardia isolates for this study were obtained from different hosts and tissues shown in Table 1 . This isolates were searched in order to represent the entire collection of Guignardia sp. of the Laboratório de Fitopatologia from the Faculdade de Ciências Agrárias e Veterinárias/UNESP, Campus de Jaboticabal/São Paulo State, Brazil.
Molecular Studies
DNA of the isolates was obtained according [13] protocol. Molecular markers were obtained according the conditions described below.
• Gel image files were generated and all the lanes were extracted for making individual electropherograms using GeneScan (ABI Prism version 1.0) and Geno- [18] , the DNA sequences were compared for similarity search on GenBank (www.ncbi.nlm.nih.gov). The sequences from different Guignardia species that presented some similarity with isolates of this work were selected and used to build a phylogram. These sequences were aligned and edited by BioEdit 7.5.0.3 [19] . The phylogram was obtained by MEGA (versão 4.0) [15] software with Distance Method and Neighbour Joining [16] groupment algorithm and 1000 bootstrap. DNA sequences of the isolates were deposited on GenBank and ID numbers are disposable on Table 1 .
Results
Molecular Studies
For the developing of RAPD markers, 220 primers were tested, and 14 were selected (OPA1, OPA4, OPA5, OPA8, OPA10, OPA12, OPA17, OPA18, OPA19, OPA20, OPB17, OPC9, OPC10, OPG5) according number of polymorphic bands and capacity to amplify all isolates. A total of 157 polymorphic markers were obtained (average of 11.6 markers/primer). RAPD markers separated the isolates in two main groups, one of them with the isolates P 1 -245, Lc-29, Eu-2, Jabot-4, GF2, GP1, G21, 35, M4 e Pit-22 (Figure 1) . The other group was composed by isolates P 1 -236 and II2.1. The isolates from mango Mc-3 and MM-23 formed separated branches.
For the fAFLP markers, 36 selective combinations were tested and 15 of them were selected (Fam Eco-RIMseI combinations ACT/CAC; ACA/CAC; ACA/CTC and ACA/CTA; Ned EcoRI-MseI combinations AAC/ CAT; ACC/CTT; AAC/CAC; ACG/CAA and AGC/CTC; Joe EcoRI-MseI combinations (AGG/CAC; AAG/CAC; ACG/CTG; ACG/CAC; AGG/CTT and AAG/CTA). A total of 268 polymorphic bands were detected (average of 17.9 markers/primer combination). This markers also separated isolates in two main groups, one of them formed by isolates P 1 -245, Lc-29, GF2, Eu-2, G21, Lc-29, G21, Jabot-6, GP-4, GF2, Pit-22, M4 e 35 (Figure 2 ).
Other group was formed by isolates P 1 -236 and II-2.1. As in RAPD markers, isolates Mc-3 and MM-23 also formed separated branches.
Analysis of ITS1-5.8S-ITS2 rDNA regions allowed to classify most of the Guignardia isolates in Genera and species. All isolates presents similarity higher than 90% with sequences deposited in GenBank, and this is a strong evidence that all of them belong to the Guignardia Genera. Only isolates that presented sequences with similarity higher than 96% were classified in species. Assuming this condition, isolates obtained from asymptomatic leaves of Sour Orange and from CBS symptomatic fruit of sweet orange Valencia were classified as G. citricarpa (with similarities of 99% and 100%, respectively). Isolates obtained from asymptomatic leaves of Tahiti acid lime, Sour orange, guava, mango, banana, eucalyptus, Surinam cherry and Brazilian grape tree showed high similarities with rDNA deposited sequences representing G. mangiferae, G. psidii, G. alliacea and G. camelliae species. The same occurred with the isolate obtained from an asymptomatic guava fruit (GF2) and the isolate obtained from a symptomatic guava fruit rot (GP1).
One of the isolates obtained from mango, Mc-3 showed high similarity with Phyllosticta brazilianiae and the other, MM-23, despite placed near G. citricarpa (MM-23 presented similarity of 92% with this species) and P. citriasiana (MM-23 presented similarity of 93% with this species) on phylogram presented no sufficient similarity to be classified as species (Figure 3) .
Pathogenic Studies
When the isolates of this study were submitted to OA medium test, only the isolates classified as G. citricarpa showed presence of the characteristic halo around the fungal colonies ( Table 1) . This method has demonstrated the usefulness of this medium for discriminate citrus isolates of G. citricarpa species from other Guignardia species.
When mango isolates were inoculated in citrus and guava fruits, none of them were able to cause CBS or fruit rot symptoms (Figure 4) . But isolates classified as G. citricarpa by rDNA produced CBS symptoms in citrus fruits, but did not it in guava fruits ( Figure 5 and Table 1 ). Isolates that showed high similarity in rDNA regions with G. mangiferae/G. psidii/G. alliaceae/G. camelliae did not caused symptoms on citrus fruits (Figure 7 and Table 1 ), but despite its different original hosts and tissues, all of them caused identical fruit rot symptoms on guava (Figure 6 and Table 1 ).
Discussion
DNA markers are powerful tools to discriminate different Guignardia species and evaluate its genetic diversity. Because of its capacity on searching variations over the whole genome, RAPD and fAFLP markers proved to be efficient on evaluating the genetic similarity among the isolates of this study. These two molecular markers showed similar results, but fAFLP markers showed more clearly the grouping of the fungi isolates than RAPD markers. It could be probably a result of the fAFLP higher number of polymorphic markers.
The use of DNA sequences as ITS1-5.8S-ITS2 regions has revitalized the fungal systematic, mainly because of the recent studies of global genetic diversity [20] . Despite that one of the limiting factors to the increase of molecular phylogenetics of fungi is the few number of 
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easily available genes-mainly the ribosomal genes and its internal spacers-it is undeniable that the use of these regions enabled substantial progress in this field [20] . In our study, only one isolate from mango leaves could not be classified in species using DNA sequence of ITS1-5.8S-ITS2 regions, because of the low similarity of this isolate with the sequences deposited on GenBank. All the other isolates showed high similarity with sequence of GenBank and could be classified in species using this rDNA sequence, showing that the use of these region is very helpful.
Although restricted to one genome regions, variation on DNA sequence of rDNA ITS1-5.8S-ITS2 were efficient in classify the isolates of this study in species and also to infer genetic diversity among the isolates. These variations (also called SNP's or Snips-Single Nucleo-tide Polymorphism) proved also to be more accurate to demonstrate the genetic similarity of the two mango isolates with other Guignardia isolates than RAPD and fAFLP markers. This was done because the high number of rDNA sequences available on GenBank. This kind of information is not disposable when DNA fragment polymorphism markers were used. While RAPD and fAFLP markers placed isolates Mc-3 and MM-23 in separated branches, SNPs could demonstrate that these isolates were more similar to species present in databases, but not sampled in this study, as is was the case of P. braziliensis and P. citriasiana. SNP markers clearly showed that isolate MM-23 was more similar to G. citricarpa and P. citriasiana species than to the other species represented on this study. This was not so evident using RAPD and fAFLP markers. Despite this greater similarity to G. citricarpa species, it is probably that MM-23 isolate do not belong to none of this species because it does not show yellow halo in OA medium and its colony morphology is different (data not showed) if compared to the other Guignardia isolates of the pathogenicity tests. A similar result was obtained with isolate Mc-3, which was placed in separated branches by RAPD and fAFLP markers, but was classified as P. brazilianiae by rDNA sequence. Previous studies showed that some Guignardia isolates from Mangiferae indica on Brazil belongs to P. brazilianeae [21] , also stating that this species is common of this plant species.
The pathogenic characterization that was carried out using OA medium showed that the isolates of this study that presented a yellow halo around the colonies also caused CBS symptoms when citrus fruits were inoculated at the field. This corroborated with the importance of this simple and fast test to differentiate G. citricarpa isolates [4, 6, 8] from other Guignardia species.
The G. mangiferae species is considered cosmopolitan because it was found colonizing assymptomatically a great number of hosts [9] . This was also observed in this work, as all of the hosts had been colonized by G. mangiferae. But the DNA sequence of ITS1-5.8S-ITS2 of these isolates was not able to differentiate them from G. mangiferae, G. psidii, G. alliaceae and G. camelliae. This occurs probably because different authors, working in different places had isolated the same fungi and named it according the original host. It is conceivable that all these species are in fact the same species, G. mangiferae. In this work, we adopted the criteria of the older and well documented references that classify this fungus as G. mangiferae [6] . Therefore, all isolates of this study that showed high similarity with these sequences, were classified as G. mangiferae.
All isolates obtained from asymptomatic tissues on different hosts that were classified as G. mangiferae caused symptoms in guava fruits, even though some references report that G. psidii species is responsible for the guava fruit rot [3] . Assuming that the patogenicity tests and classification in species by ITS1-5.8S-ITS2 DNA sequence are reliable methods, there are strong evidences that G. psidii and G. mangiferae are either the same species or they are conspecific. Banana and eucalyptus plants present the same conditions. Literature review shows these two species plant as hosts of G. musae and G. eucaliptorum, where they supposedly cause spots on leaves [22, 23] . Recently, the identity of the casual agent of freckle disease of banana was investigated and based on morphological and molecular data from a global set of banana specimens it was found that several species were associated with the disease [24] . These authors introduced P. maculata as the new name of G. musae, and named P. musarum to represent a distinct species from India and Taiwan, as G. stevensii is confirmed as distinct species from Hawaii and G. musicola from northern Thailand was shown to contain different taxa. The same authors described P. cavendishii as a new, widely distributed species, appearing primarily on Cavendish, but also on non-Cavendish banana cultivars. It is also true that the increase in the number of new species introduced is largely a result of the widespread use of DNA sequence data, but is also due to the exploration of new geographic regions and habitats [25] . But in our work, the isolates obtained in banana and eucalyptus were classified as G. mangiferae and caused fruit rot symptoms when inoculated in guava, but none symptom was induced in citrus fruits.
As all of G. mangiferae isolates obtained in citrus, mango, banana, Surinam cherry and Brazilian grape tree has caused the same symptoms of fruit rot in guava, this could supports the idea that probably all isolates belongs to the same species that is spread on different hosts. Considering that it is frequent the same organism to receive different name according the host, it is probable that this also occurs with G. mangiferae. Despite the fact that molecular markers evidenced the presence of genetic diversity among G. mangiferae isolates from this study, this can be credited to intraspecific variations, possibly as a response to host selection pressure, mainly because the original hosts belong to different botanical Families and Genera, and not because the isolates are from different species.
We believe that this could be supported by the pathogenic tests, at least for citrus and guava plants.
G. mangiferae is considered a fungal endophyte. The concept of endophytic organisms is widely discussed in different reviews [26] [27] [28] [29] . Most authors describe endophytes as organisms that colonizes intercellular spaces of different plant tissues in some period of their lives, without causing apparent damages to the host.
Many genera belonging to the Botryosphaeriaceae family include species that have been described as endophytes [1] . There are examples in the genus Guignardia, Botryosphaeria (anamorph Fusicoccum), Dothidotthia (anamorph Dothiorella), Neofusicoccum, Pseudofusicoccum, Lasiodiplodia and Diplodia. Some of these endophytes are very common and sometimes they overcome endophytic communities in Eucalyptus and Pinus plants. It seems that endophytism is common to most species of the family [28] in some environments. Although detected fungi in plant symptomless tissue are arbitrarily classified as endophytes, they could have in fact different survival strategies. Some of them could be pathogens in a non-host, latent or quiescent pathogens, saprophytes "hiding", e.g. in a stomatal cavity and "awaiting" host senescence as spores, or virulent pathogens in a latent phase [29] .
Endophytes were isolated from almost all studied plants until now [26] and most of the time they take advantages to the host, establishing mutual relationships, increasing plant resistance to diseases and drought and enhancing plant development [27, 30] . Some endophytes are known as latent pathogens, or in some cases, endophytes that became pathogens under specific conditions [31] , as is the example of Phomopsis citri, Fusicoccum aesculi and Lasiodiplodia theobromae in citrus and Phomopsis viticola in grape [26] . This behavior change can be produced by host physiology alterations caused by the fungi activity, by the environmental changes that stress the host, or by the developmental stage of the plant or the fungi, or by both of them [22] .
Latent pathogens (endophytic pathogens) have coevolved with their hosts and became less virulent, using senescent leaves, some host stress period or eventually the ripe fruit rot for sporulating [30] . This was demonstrated for G. mangiferae species, which was able to produce the same degradating enzymes as its saprobic counterpart [32] . This is probably the case of the G. mangiferae isolates of this study that were obtained from symptomless tissues of different hosts, as well as the isolates obtained in guava ripe fruit rot symptoms. However, the same isolates present an apparently endophyte behavior in citrus plants, but symptoms associated to the presence of G. mangiferae in this plant species are unknown until now.
The endophyte/host relationship status can be transient and the stability and variability of this interaction depends of factors as the environment and host conditions [29] . So, in spite the fungi isolates were isolated from symptomless tissues does not exclude the possibility of this fungi become a pathogen when the host is stressed or in senescence [33] .
The fungi isolates of this study that were obtained from symptomless tissues of mango did not produce CBS symptoms on citrus fruits, nor fruit rot symptoms on guava. These isolates were detected only in mango tissues and are different between each other. Additional pathogenicity tests are necessary with this isolates in mango fruits.
Additional pathogenicity tests are also necessary to elucidate if the G. mangiferae isolates from the different Brazilian hosts and the G. citricarpa isolates from citrus of this study also have the ability to cause diseases on mango fruits and leaves, as is it reported in literature (available on http://www.apsnet.org/publications/commonnames/Pages /Mango.aspx).
Conclusion
In this study, the RAPD and fAFLP markers, and DNA sequences showed similar results, and we believe that they are complementary methods for evaluating the interaction pathogen-host-disease, as the first two allow accessing genetic variation within the genome as a whole and the other focuses on small changes in a few diagnostic sequences. As the trees generated by these complementary techniques yield similar groupings and branching patterns, their congruence could be interpreted as independent confirmation of the proposed evolutionary phylogenies. It is feasible that the used molecular markers added to rDNA sequences were efficient tools to evaluate genetic diversity and to classify unidentified fungi isolates into species. As DNA sequence databases are frequently and continuously fed with more information about different organisms, mainly with rDNA sequences, the future works to classify organisms will be easier and more accurate.
